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AMENDMENTS TO THE CLAIMS 

Claim 1 (Original) A timing loop controller for multilevel modulation scheme, 
comprising: 

a first buffer for orderly receiving I-channel digital signals and generating first buffered 
signals by buffering the received I-channel digital signals; 

a second buffer for receiving the received I-chaimel digital signals firom the first buffer 
and generating second buffered digital signals; 

a first quantization means for receiving the buffered digital signals fi-om the second buffer 
and generating first quantized signals by quantizing the second buffered digital signals; 

a second quantization means for receiving the I-chamiel digital signals and generating 
second quantized signals by quantizing the I-channel digital signals; 

a first sign detection means for receiving the first quantized signals and the second 
quantized signals and detecting sign change of the first quantized signals and the second 
quantized signals; 

a third buffer for orderly receiving Q-channel digital signals and generating a third 
buffered signals by buffering the received Q-channel digital signals; 

a fourth buffer for receiving the received Q-channel digital signals fi-om the first buffer 
and generating fourth buffered digital signals; 

a third quantization means for receiving the fourth buffered digital signals fi-om the fourth 
buffer and generating third quantized signals by quantizing the fourth buffered digital signals; 

a fourth quantization means for receiving the Q-channel digital signals and generating 
fourth quantized signals by quantizing the Q-channel digital signals; 

a second sign detection means for receiving the third quantized signals and the fourth 
quantized signals and detecting sign change of the third quantized signals and the fourth 
quantized signals; 

a timing error computation means for computing a timing error output value based on the 
I-channel digital signals, the first buffered signals, the first quantized signals, the Q-channel 
digital signals, the third buffered signals, the third quantized signals and the fourth quantized 
signals; 
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a zero crossing detection means for detecting zero crossing at I axis and Q axis according 
based on results outputted from the first and second sign detection means; and 

a timing error control means for controlling the timing error value in case there is no sign 
change according to resuhs outputted from the first and second sign detection means. 

Claim 2 (Original) The timing loop controller as recited in claim 1, wherein the timing 
error computation means computes an error value (E„ ) by following equation as: 

4;:;=(/,„_,-o.5.(/,„+/,„_3)) 

aZ^=(a„-.-o.5.(a„+e2„-2)) 
4;=o.5./,„,a„=o.5.a„ 

4;^ = 0.5 . /2„_„ e2„-2 = 0.5 • a„-2 

wherein the n is nature number bigger than 1, is the I-chaimel digital signal, /2„_, is 
the first buffered signal, the first quantized signal, Q^^ is the Q-channel digital signal, 

g2„-i is the third buffered signal, 22„-2 is the third quantized signal. 

Claim 3 (Currently Amended) A symbol timing synchronizer using a timing 

synchronous loop controller for multilevel modulation scheme, comprising: 

A/D conversion means for converting successively inputted analogue signals to digital 

signals; 

timing error detection means for calculating an timing error between an input timing of 
the digital signal successively inputted from the A/D conversion means and a sampUng timing of 
the A/D conversion means and detecting sign change of the digital signals; 

timing error output control means for outputting the timing error calculated from the 

timing error detection means and controlling the timing eiTor output value if there is no sign 
change according to a detection result of a first sign detector means and a second sign detector 
means : 
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filtering means for eliminating a noise of the timing error value controlled by the timing 
error output control means and calculating a mean value of errors; and 

timing error compensation means for compensating the timing error of the sampling 
timing of the A/D conversion means by shifting the sampling timing corresponding to the 
calculated error value from the timing error detection means. 

Claim 4 (Currently Amended) The symbol timing synchronizer as recited in claim 
3, wherein the timing error detection means includes: 

a first buffer for orderly receiving I-channel digital signals and generating first buffered 
signals by buffering the received I-channel digital signals; 

a second buffer for receiving the received I-channel digital signals fi:om the first buffer 
and generating second buffered digital signals; 

a first quantization means for receiving the buffered digital signals fi-om the second buffer 
and generating first quantized signals by quantizing the second buffered digital signals; 

a second quantization means for receiving the I-channel digital signals and generating 
second quantized signals by quantizing the I-channel digital signals , the first sign detection 
means for receiving the first quantized signals and the second quantized signals and detecting 
sign change of the first quantized signals and the second quantized signals ; 

a first sign det e ction m e ans for r e c e iving th e first quantiz e d signals and the s e cond 
quantiz e d signals and d e t e cting sign chang e of th e first quantiz e d signals and th e s e cond 
quantiz e d signal s ; 

a third buffer for orderly receiving Q-channel digital signals and generating a third 
buffered signals by buffering the received Q-channel digital signals; 

a fourth buffer for receiving the received Q-channel digital signals fi-om the first buffer 
and generating fourth buffered digital signals; 

a third quantization means for receiving the fourth buffered digital signals firom the fourth 
buffer and generating third quantized signals by quantizing the fourth buffered digital signals; 

a fourth quantization means for receiving the Q-channel digital signals and generating 
fourth quantized signals by quantizing the Q-channel digital signals , the second sign detection 
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means for receiving the third quantized signals and the fourth quantized signals and detecting 
sign change of the third quantized signals and the fourth quantized signals ; 

a se cond s ign d e t e ction m e ans for receiving th e third quantized signals and th e fourth 
quantiz e d signals and d e tecting sign chang e of th e third quantiz e d signals and th e fourth 
quantiz e d signals; 

a timing error computation means for computing a timing error output value based on the 
I-channel digital signals, the first buffered signals, the first quantized signals, the Q-channel 
digital signals, the third buffered signals, the third quantized signals and the fourth quantized 
signals; 

a zero crossing detection means for detecting zero crossing at I axis and Q axis according 
based on results outputted fi"om the first and second sign detection means; and 

a timing error control means for controlling the timing error value in case there is no sign 
change according to results outputted firom the first and second sign detection means. 

Claim 5 (Original) The symbol timing synchronizer as recited in claim 3, wherein the 
timing error computation means computes an error value (E„ ) by following equation as: 

^ = (e,„_,-0.5.(e,„+a„-2)) 

4^=o-5«/2„,a!^=o.5.e2„ 
T^;;;;; = 0.5 • , ^ = 0.5 • q,„_, 

wherein the n is nature number bigger than 1, /,„ is the I-channel digital signal, /2„_, is 
the first buffered signal, /j^.j is the first quantized signal, g^,, is the Q-channel digital signal, 
Qjn-i is the third buffered signal, Q^^-i is the third quantized signal. 

Claim 6 (Original) The symbol timing synchronizer as recited in claim 3, wherein the 
timing error detection means outputs the timing error by using the zero crossing detection means 
and detects and traces the timing error by controlling the timing error output signal by equipping 
a gain controlled loop at back of an output terminal of the timing error detection means in case of 
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a modulation method having less zero crossing. 
Claim 7 (Canceled) 

Claim 8 (Currently Amended) A method implemented for synchronizing symbol 
timing by using a timing synchronous loop controller, the method comprising the steps of: 

a) converting successively inputted analogue signals to digital signals by an A/D 
conversion unit; 

b) calculating an timing error between an input timing of the digital signal successively 
inputted from the A/D conversion unit and a sampling timing of the A/D conversion unit and 
detecting sign change of the digital signals by a timing error detection unit; 

c) outputting the timing error calculated from the timing error detection unit and 
controlling the timing error output value if there is no sign change according to a detection result 
of the timing error detection unit ; 

d) eliminating a noise of the timing error value and calculating a mean value of errors; 

and 

e) compensating the timing error of the sampling timing of the A/D conversion unit by 
shifting the sampling timing corresponding to the calculated error value from the timing error 
detection unit. 

Claim 9 (Original) The method as recited in claim 8, wherein the step b) includes the 
steps of: 

bl) computing a timing error between an input timing of orderly inputted digital signals 

and a sampling timing; 

b2) controlling a direction and an error value of the timing error; 
b3) detecting sign change according to results of step b2); 

b4) detecting zero crossing at I axis and Q axis according to results outputted from the 
step b3); and 

b5) controlling the timing error value in case there is no sign change according to results 
of step b4). 
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Claim 10 (Original) The method as recited in claim 9, wherein the step c) controls the 
timing error output value according to the result of the sign variation detector in case there is no 
sign variation. 

Claim 1 1 (Currently Amended) A computer readable receding medium for storing 
instructions for executing a method for synchronizing symbol timing by using a timing 
synchronous loop controller, the method comprising the steps of: 

a) converting successively inputted analogue signals to digital signals by an A/D 
conversion unit; 

b) calculating an timing error between an input timing of the digital signal successively 
inputted from the A/D conversion unit and a sampling timing of the A/D conversion unit and 
detecting sign change of the digital signals by a timing error detection unit; 

c) outputting the timing error calculated from the timing error detection unit and 
controlling the timing error output value if there is no sign change according to a detection result 
of the timing error detection unit : 

d) eliminating a noise of the timing error value and calculating a mean value of errors; 

and 

e) compensating the timing error of the sampling timing of the A/D conversion unit by 
shifting the sampling timing corresponding to the calculated error value from the timing error 
detection unit. 



